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It is noteworthy that the tensile strengths of 
injection molded specimens made from pulverized ternary 
HDPE/LDPE/PP and HDPE/LDPE/PET powder of the invention 
are consistently higher than the tensile strengths of 
molded specimens molded from the as-received blended 
flake feedstocks of the same materials. This increase in 
tensile strength for the pulverized powder molded 
specimens indicates an increased compatibility of the 
polymer components in the blend. 

It is further noteworthy that even though some of 
the scrap feedstocks set forth in the Examples comprised 
a plurality of polyolefins (e.g. HOPE, LDPE, PP) that 
are mutually thermodynamically incompatible, the 
feedstocks were nevertheless successfully injection 
molded, and the molded specimens did not exhibit 
delamination upon breaking in the mechanical property, 
tests, indicating that chemical change occurred during 
pulverization and the polymers have been in-situ 
compatibilized during the solid state shear 
pulverization process of the invention. 

Furthermore, as mentioned above, the pulverized 
recycled powders of the invention exhibited enhanced 
reactivity as compared to the flake feedstock M prior to 
pulverization. To facilitate studies of the chemical 
state (reactivity) of the pulverized powder, small 
samples (2-3 grams) of powder were collected from the 
discharge end of the extruder barrel. 

Powder samples were loaded into quartz tubes for 
electron spin resonance (ESR) measurements. ESR spectra 
were acquired at room temperature on a modified 
continuous wave Varian E-4 spectrometer operating in the 
X-band (microwave frequency near 9 GHz). 

Initial ESR studies were made of unpulverized flake 
LDPE and pulverized LDPE powder of the invention 
pulverized from the flake in accordance with the 
invention. It appears that reactive sites (free 
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radicals) are formed by polymer bond rupture during the 
solid state shear pulverization process and have 
lifetimes that can be estimated as several hours at 
ambient conditions. In general, ESR spectra of 
unpulverized feedstock flakes and pulverized powder 
stored at ambient conditions indicate the presence of 
stable peroxy radicals in both the LDPE, PP, and 
70%HDPE/30%PP flakes and powder. However, the 
pulverized powders have greater free radical densities 

10 than the as-received (unpulverized) flakes in accordance 

with the invention, as shown in Figures 9, 10 and 11 • 

In Figure 11, a simulated ESR spectrum for 
unpulverized mixture of 70% HOPE/ 30% PP at room 
temperature is shown at the top. At the bottom, a 
simulated ESR spectrum of an incompatible blend of 
pulverized 70% HDPE/30% PP superimposed over an actual 
measured ESR spectrum of these pulverized blends are 
shown at the bottom. All spectra were normalized to the 
same mass. The simulated spectrum is determined by 

20 adding spectra of the individual blend components, each 

scaled according to their fraction in the blend. 
Because the actual spectrum is larger (more intense) 
than the simulated one, it implies an interaction 
between HOPE and PP during the pulverization process. 

Furthermore, differential scanning calorimetry (DSC) 
using a Perkin-Elmer DSC-7 unit provided unambiguous 
evidence that solid state shear pulverization in 
accordance with the invention produces significant 
chemical changes suggesting a compatibilizing effect. 

30 Dramatic changes in the melting and crystallization 

peaks of HDPE/LDPE and HDPE/PP blends were observed 
after pulverization of dry blends of these incompatible 
polyolefins, as shown in Figures 12-18. 

Table III summarizes the DSC results. In Table III, 
F adjacent the material refers to post-consumer 
unpulverized flake or chunk material and Pul refers to 
pulverized material. 
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Referring to Figures 12A,B-18A,B, DSC thermograms 
for different as -received flake feedstock and pulverized 
powder are shown. Before measuring the thermogram, the 
samples are heated to above their melting temperature 
and then cooled to ambient tenperature at IC^C/minute. 
A striking difference is seen in Figures 12A,B-13A,B for 
as -received PP flake and pulverized PP powder. In 
particular, there is a large difference in the melting 
peaks of as-received PP flakes and pulverized PP powder 
10 as shown in Figures 12A,B. Despite identical thermal 

histories, the pulverized sample had two or possibly 
three distinct melting peaks (Figures 12A,B) not 
observed in the as-received PP flake sanqple. The 
crystallization peak is shifted to lower temperature for 
a pulverized material as shown in Figures 13A,B. There 
is observed a change in the crystalline PP phase after 
pulverization as shown by a 4 degree C decrease in the 
onset of Tc and a much sharper peak. 

Figures 14A,B are thermograms for a 70%HDPE/30%PP 
20 blend of as-received flake feedstock and pulverized 

powder showing crystallization peaks. The AHc of the 
pulverized sample is 60% larger than that of the as- 
received sample . 

SuiTpri singly, the largest degree of difference in 
thermal behavior was observed with as -received 
60%HDPE/40%LDPE feedstock flake blends and similar 
pulverized blends. It is known that these polyolefins 
are incompatible because of their different densities. 
Referring to Figures 15A,B, a double melting peak 
30 observed for the as-received sample is changed into a 

single, narrower peak for the pulverized sample. After 
heating to the melt state and cooling to ambient 
temperature at lO^'C/minute, a similar narrowing of the 
melting peak is evident from the as -received sample to 
the pulverized sample. Figures 16A,B. This shows that 
permanent change has occurred and that the DSC is not 



SUBSnrUTE SHEET (RULE 26) 



wo 95/15819 



PCTAJS94/13972 



- 50 - 

detecting temporary mixing effects caused by the 
extruder. Figures 17A,B show the crystallization 
isotherm to be unified and sharpened by solid state 
shear pulverization pursuant to the invention. The same 
results were also observed for a 40%HDPE/60%I*DPE blend. 
The data provide strong indication that the solid state 
shear pulverization of the scrap flake material imparts 
a high degree of in- situ compatibilization to the 
polymer components involved. 

Figures 18A,B are a thermogram showing melting 
traces for a ternary blend of 60%HDPE/30%LDPE/10%PP as- 
received and pulverized. Similar thermogram results as 
described above are evident in Figures 18A,B. 

The above -described embodiment of the present 
invention is advantageous in that comminuted (e.g, 
flake) scrap material can be solid state pulverized to 
particulates (e.g. powder) that are directly usable as 
powder feedstock in conventional melt processing 
techniques, such as rotational molding, blow molding, 
extrusion, spray coating and others requiring powder 
feedstock. Moreover, commingled, unsorted plastic scrap 
can be recycled without the need for costly sortation 
and in a manner to achieve in- situ compatibilization of 
different polymers present in the scrap in a once- 
through pulverization operation to produce recycled, 
polymeric particulates. Furthermore, the need for 
compatibilizing and/or reinforcing agent additions in 
the event two or more thermodynamically incompatible 
polymers are present in the scrap is avoided, thereby 
reducing the cost of recycling. This embodiment also is 
advantageous in that sorted or unsorted, commingled, 
mixed-color plastic scrap can be recycled to produce 
recycled, polymeric particulates that are unexpectedly 
conventionally melt processable to substantially 
homogeneous light color without color streaking or 
marbleizing. High value, low cost recycled powder 
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products, as well as products molded or otherwise formed 
of the powder, from sorted or unsorted, cotraningled 
multi-colored polymeric scrap material thus can be 
provided, increasing utilization of available plastic 
scrap. 

Although the embodiment of the invention described 
in detail here above relates to the recycling of sorted 
or unsorted post -consumer and/or post -industrial 
polymeric scrap material, the invention is not so 
limited. For example, the invention also can be 
practiced to solid state pulverize feedstock comprising 
mixtures of post -consumer and/or post -industrial 
polymeric scrap and virgin polymeric material feedstock 
comprising one or more virgin polymeric materials. 

In solid state pulverizing mixtures of one or more 
scrap polymeric materials and one or more virgin 
polymeric material, the weight %'s of the scrap and 
virgin materials can be varied over wide ranges to suit 
particular needs and material availability. For 
purposes of illustration and not limitation, a mixture 
of 75 weight % of virgin LDPE (translucent white color 
pellets) and 25 weight % of the aforementioned chopped 
scrap LDPE flakes (multi-color) was made and solid state 
pulverized pursuant to the invention using the 
aforementioned Berstorff 2E-40A twin screw extruder. 
The 75/25 virgin/flake LDPE mixture was solid state 
pulverized without heating (all barrel zones cooled) 
using processing parameters similar to those set forth 
in TABLE I for "No heat" solid state pulverization of a 
solely scrap flake. LDPE feedstock. 

The solid state pulverized particulates (powder) 
were injection molded in the manner described hereabove 
for the pulverized scrap particulates. The initial 
75/25 virgin/flake LDPE feedstock also was injection 
molded for comparison purposes. 
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The physical properties of the injection molded 
specimens are shown in TABLE IV below. It can be seen 
that the physical properties of the injection molded 
pulverized powder specimens are generally comparable to 
those exhibited by the injection molded 75/25 
virgin/flake LDPE specimens . 

The injection molded pulverized powder LDPE 
specimens exhibited a translucent white color. The 
injection molded virgin/flake LDPE specimens exhibited a 

10 light peach color. 

Moreover, a mixture of 60 weight % virgin LDPE 
(pellets) and 40 weight % chopped scrap LDPE flakes was 
made and solid state pulverized using the Berstorff ZE- 
40A twin screw extruder with barrel heating (barrel 
zones 2-4 heated) using processing parameters similar to 
those set forth in TABLE I for "w/heat" solid state 
pulverization of a solely scrap flake LDPE feedstock. 

The physical properties of injection molded 
pulverized powder specimens and injection molded 60/40 

20 virgin/flake specimens also are shown in TABLE IV below. 

It can be seen that the physical properties of injection 
molded pulverized powder specimens are generally 
comparable to those exhibited by the injection molded 
60/40 virgin/flake specimens. 

The injection molded pulverized powder LDPE 
specimens exhibited a translucent white color. The 
injection molded virgin/flake LDPE specimens exhibited a 
medium peach color. 
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AS mentioned, the present invention also envisions 
solid state pulverizing of one or more virgin polymeric 
materials as feedstock. If two or more thermo- 
dynamically incoitqoatible virgin polymers are present in 
the virgin material feedstock, in-situ conpatibilization 
of the virgin polymers should be achievable. 

For purposes of illustration and not limitation, 
virgin LDPE pellets were solid state pulverized using 
the aforementioned Berstorff ZE-40A twin screw extruder 

10 with heating (barrel zones 2-4 heated) and without heat- 

ing (all barrel zones cooled) pursuant to the invention. 

The virgin LDPE pellets were solid state pulverized 
with heating (barrel zones 2-4 heated) using processing 
parameters similar to those set forth in TABLE I for 
"w/heat" solid state pulverization of the solely scrap 
flake LDPE feedstock. The virgin LDPE pellets were also 
solid state pulverized without heating (all barrel zones 
cooled) using processing parameters similar to those set 
forth in TABLE I for "No heat" solid state pulverization 

20 of scrap LDPE feedstock. 

The solid state pulverized virgin LDPE particulates 
(powder) were injection molded in the manner described 
hereabove for the pulverized scrap particulates. The 
virgin LDPE pellets were similarly injection molded. 

The physical properties of the injection molded 
specimens are shown in TABLE V below. It can be seen 
that the physical properties of injection molded 
pulverized specimens are generally comparable to those 
of injection molded pellet specimens. 

30 Virgin PC pellets also were solid state pulverized 

with heating (barrel zones 2-4 heated) using the 
Berstorff ZE-40A twin screw extruder. The virgin PC 
pellets were solid state pulverized using processing 
parameters similar to those set forth in TABLE I for 
"W/heat" solid state pulverization of scrap PP thickness 
(slightly higher temperature) . 
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The pulverized particulates and virgin pellets were 
injection molded as described hereabove. Thy physical 
properties of the injection molded specimens are shown 
in TABLE V. It can be seen that injection molded 
pulverized powder PC specimens and injection molded 
pellet specimens exhibited comparable physical 
properties . 
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Regardless of the composition of the polymeric 
feedstock supplied to the extruder, the present 
invention is advantageous in that energy consumption of 
the solid state pulverization process is lower than that 
of conventional batch grinding processes. In addition, 
the present invention provides a continuous, once- 
through solid state pulverization process in contrast to 
conventional batch grinding techniques . 

While the invention has been described in terms of 
specific embodiments thereof, it is not intended to be 
limited thereto but rather only to the extent set forth 
hereafter in the following claims. 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined 
as follows: 

1. A method of making polymeric particulates, 
comprising: 

a) supplying polymeric material having different 
colors to screw means of an extruder, and 

b) rotating the screw means to transport said 
polymeric material along the length thereof and solid 
state pulverize said polymeric material to particulates 
that are melt processable to a substantially homogeneous 
color appearance without color streaking, 

2. The method of Claim 1 wherein the polymeric 
material includes at least one of scrap polymeric 
particulates, virgin polymeric particulates and mixtures 
thereof . 

3 . The method of Claim 1 wherein the polymeric 
material comprises a plurality of polymeric materials 
having different compositions. 

4. The method of Claim 1 wherein the polymeric 
material is solid state pulverized with only frictional 
heating thereof by engagement with said screws. 

5. A method of making polymeric particulates, 
comprising : 

a) supplying polymeric materials comprising two 
or more thermodynamically incompatible polymers to screw 
means of an extruder, and 

b) rotating the screw means to transport said 
scrap material along the length thereof and solid state 
pulverize said material with in- situ polymer 
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compatibilization to produce particulates without the 
need for a compatibilizing agent. 

6 . The method of Claim 5 wherein the polymeric 
material is selected from at least one of scrap 
polymeric particulates, virgin polymeric particulates 
and mixtures thereof. 

7 . The method of Claim 5 wherein the polymeric 
material includes particulates having different colors. 

8. The method of Claim 5 wherein the polymeric 
material further includes thermosetting scrap material. 

9. The method of Claim 5 wherein said in-situ 
polymer compatibilization is evidenced by said 
pulverized particulates exhibiting a different 
thermogram from the unpulverized polymeric material of 
the same composition. 

10. The method of Claim 5 wherein the pulverized 
particulates exhibit at least one of a different melting 
peak and crystallization peak from the unpulverized 
material . 

11. The method of Claim 5 wherein the polymeric 
material is solid state pulverized with only frictional 
heating thereof by engagement with said screws. 

12. A method of making polymeric particulates, 
comprising: 

a) supplying polymeric material to screw means of 
an extruder, and 

b) rotating the screw means to transport said 
polymeric material along the length thereof to solid 
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State pulverize said polymeric material without melting 
to pulverized jparticulates . 

13. A method of making polymeric particulates, 
comprising: 

a) supplying polymeric material to screw means of 
an extruder, and 

b) rotating the screw means to transport said 
polymeric material along the length thereof with only 
frictional heating by engagement with said screw means 
to solid state pulverize said polymeric material to 
pulverized particulates. 

14 . A method of making recycled polymeric 
particulates , comprising: 

a) supplying comminuted polymeric scrap material 
to screw means of an extruder, and 

b) rotating the screw means to transport said 
scrap material along the length thereof and solid state 
pulverize said scrap material to particulates that are 
directly melt processable to shape by melt processing 
techniques using powder feedstock. 

15 . The method of Claim 14 wherein polymeric scrap 
material is supplied to said screws as scrap flakes. 

16 . The method of Claim 14 wherein polymeric scrap 
material including an amount of virgin polymeric 
material mixed therewith is supplied to the screw means. 

17 . The method of Claim 14 wherein the flake scrap 
material is solid state pulverized with only frictional 
heating thereof by engagement with said screws. 
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18 . A method of making an article of manufacture 
having a substantially homogenous color from multi- 
colored polymeric material, comprising: 

a) supplying multi-colored polymeric material to 
screw means of an extruder, 

b) rotating the screw means to transport said 
polymeric material along the length thereof and solid 
state pulverize said polymeric material to particulates, 
and 

c) melt processing said pulverized particulates 
to a substantially homogeneously colored article of 
manufacture characterized by the absence of color 
streaking . 

19. The method of Claim 18 wherein said pulverized 
particulates are directly melt processed by melt 
processing techniques using a powder feedstock. 

20. A method of making an article of manufacture, 
comprising: 

a) supplying polymeric materials including two or 
more thermodynamically incompatible polymers to screw 
means of an extruder, 

b) rotating the screw means to transport said 
polymeric material along the length thereof and solid 
state pulverize said polymeric material with in-situ 
polymer compatibilization to produce particulates, and 

c) melt processing said pulverized particulates 
to form an article of manufacture. 

21. A method of making an article of manufacture 
from comminuted polymeric scrap material, comprising: 

a) supplying comminuted polymeric scrap material 
to screw means of an extruder. 
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b) rotating the screw means to transport said 
scrap material along the length thereof and solid state 
pulverize said scrap material to particulates, and 

c) sxibj eating said pulverized particulates as 
powder feedstock to melt processing to form an article 
of manufacture. 

22. The method of Claim 21 wherein said pulverized 
particulates are supplied as powder feedstock for 
rotational molding, blow molding, extrusion or spray 
coating. 

23. The method of Claim 21 wherein the comminuted 
scrap material includes different colored particulates 
of the same or different composition. 

24. The method of Claim 23 wherein the scrap 
material includes an amount of virgin polymeric 
material . 

25. Solid state pulverized polymeric scrap 
particulates produced from mixed- color polymeric 
material, said particulates being melt processable to a 
substantially homogeneous color without color streaking. 

26. Solid state pulverized polymeric particulates 
produced from two or more thermodynamically incompatible 
polymers, said polymers being in- situ compatibilized by 
solid state pulverization as evidenced by said 
pulverized particulates exhibiting a different 
thermogram from unpulverized polymeric materials of the 
same composition. . 

27. Solid state pulverized polymeric particulates 
produced from two or more thermodynamically 
incompatible, multi-colored polymers commingled, 
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unsorted, multi-colored polymeric said polymers being 
in-situ compatibilized by solid state pulverization as 
evidenced by said pulverized particulates exhibiting a 
different thermogram from unpulverized material of the 
same composition, said particulates being substantially 
homogeneously colored despite being produced from mixed- 
color scrap material. 

28. Recycled, solid state pulverized polymeric 
scrap particulates, said particulates being directly 
processable as powder feedstock by melt processing 
techniques requiring powder feedstock. 

29. The particulates of Claim 25 wherein the 
particulates exhibit enhanced reactivity as compared to 
like unpulverized polymeric material as measured by 
electron spin resonance spectroscopy and differential 
scanning calorimetry. 

30. The particulates of Claim 26 wherein the 
particulates exhibit enhanced reactivity as compared to 
like unpulverized polymeric material as measured by 
electron spin resonance spectroscopy and differential 
scanning calorimetry. 

3X. An article molded or extruded from the 
particulates of Claim 25. 

32. An article molded or extruded from the 
particulates of Claim 26. 

33. An article molded or extruded from the 
particulates of Claim 28. 

34. A powder coating formed from the particulates 
of Claims 25 . 
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35. A powder coating formed from the particulates 
of Claims 26. 

36. A powder coating formed from the particulates 
of Claims 28. 

37. Powder feedstock comprising pulverized 
particulates of Claims 25. 

38. Powder feedstock comprising pulverized 
particulates of Claims 26. 

39. Powder feedstock comprising pulverized 
particulates of Claims 28. 
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